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I? oerugiriora infections. The use of other enzymes in 
combination with EroRI could be more effective, 
giving more subtypes in strains belonging to the same 
serotype. 
Our data suggest that serotypirig and ribotyping 
provide powerful modalities for I! aertrginosa epidemio- 
logy. given the patient population and the predominance 
of 0 1 2  resistant strains in our hospital. 
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Acinefobacter baumannii outbreak in an orthopedic ward: 
analysis of strain relatedness by RAPD and quantitative 
anti biogram techniques 
Clin Microbial In f i r t  1998; 4: 368-371 
Over a 6-week period, I 0  patients who were hospital- 
ized in an orthopedic ward developed ‘in AcinrtoDurtcr 
bnrrrnarirrii infection. Most infections involved the 
operation site, and microbial isolates were generally 
obtained from surgical specimens. Nineteen clinical 
isolates were collected from the 10 patients. All patients 
but one were hospitalized in the septic units of this 
ward, two patients in septic unit 1 and seven in septic 
unit 2,  and all these patients had overlapping stays 
(Figure 1). The two septic units are physically linked 
and covered by the same nurses during the night. In 
contrast, the non-septic unit is distant and does not 
share any nurse staff with the septic units. 
Any hospitalized patient who underwent ortho- 
pedic surgery during the study period, and who had a t  
least one sample positive for A .  bauriianrrii, was included 
in this study. Controls were patients who were hospital- 
ized in the orthopedic ward for surgery during the 
same period, and for whom no sample was positive 
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Figure 1 Epidemiologic graph. The stays in the orthopedic ward of the patients infected with Acinetollarter baumannii are 
indicated by horizontal lines according to the chronological order of their admission. The hospitahzation unit of the patients 
is indicated on the right. Arrows indicate the occurrence of a surgical intervention and solid blobs the presence of a 
specimen positive for A. baumannii. The antibiogram group and the fingerprint to which each isolate belongs are indicated 
according to the antibiogram groups (1, 2, 3, 4 and 5), and the fingerprint types ( I ,  11, 111) and subtypes (II', 11"). 
for A. baumannii. Age, sex, hospitalization duration 
and unit, the presence of para- or quadriplegia, and 
the number of surgical interventions, as well as con- 
sumption of antibiotics before surgery and during the 
present hospitalization period, were noted for case and 
control patients. Among the variables identified as risk 
factors for an A. baumannii infection were the mean 
hospitalization duration (59 k 35 days versus 35.9 k 42 
days; p =  0.018), para- or quadriplegia (relative risk, 
7.58; 95% confidence interval for relative risk, 1-69.4; 
p =  0.04), and multiple surgical interventions (relative 
risk, 29; 95% confidence interval for relative risk, 
2-866; p=O.OOl) .  Patients hospitalized in septic unit 2 
had a greater risk of acquiring A. baumannii infection 
than patients in septic unit 1 (relative risk, 7.58; 95% 
confidence interval for relative risk, 1-68.4; ~ ~ 0 . 0 2 ) .  
Faced with the clinical epidemio1o.g and the risk factor 
description, the surgeon in charge of the orthopedic 
ward asked the microbiologist to determine whether 
this outbreak was related to the spread of a single strain, 
as has been described previously [l-41. 
Since it is difficult to answer this question on 
the basis of the markers routinely used (biochemical 
characteristics and antibiogram), 'two different typing 
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systems were used to investigate the 19 A. haumaiinii 
clinical isolates and three epidemiologically unrelated 
A. Im4ma~zrzii solates [5]. The first typing system used 
random amplified polymorphic DNA (RAPD) PCR, 
a PCK fingerprinting method basically similar to those 
which have already been used to type A .  bauvnatznii 
[6,7]. Two arbitrary primers were used separately to 
type each isolate: A5 (5’-GCCGGGGCCT-3’) aiid 
HLWL74 (5’-ACGTATCTGC-3’) [8,9]. A difference 
of a t  least two bands was required to define two 
different fingerprints, whereas a difference of only 
one band of low or high intensity was taken to indicate 
subtypes of the same fingerprint. The second typing 
system used the quantitative antibiogram method 
dercribed previously for multiply-resistant strains of 
Stczpliylorocccis a i l i ~ i i ~  axid Prcitms niirahilic 19, lo]. For this 
purpose, the inhibition zone diameters of the six anti- 
biotics which showed the greatest variability among 
the 31 antibiotic? tested by the Mueller-Hinton agar 
disk diffusion method (ticarcillin, ticarcillin-clavulanate, 
piperacillin, ceftazidime, aniikacin and ciprofloxacin) 
were used to calculate the euclidean distance as 
previously described [Y, 101. Determination on two 
occasions of the antibiotic susceptibility of each A. 
bniirriunrrii isolate showed that the greatest euclidean 
distance was 12.3, and 95.2‘21 of the same isolates had 
a dictance of less than 12 when retested. Therefore, a 
cut-off at  a distance of 12 was defined above which 
discrepancies were considered to reflect differences 
between the isolates. 
The 19 clinical icolates yielded three RAPD finger- 
prints with primer HLWL74 and five with primer A3. 
However, three of the five fingerprints generated by 
primer A5 differed fi-om each other by the absence of 
a IINA fragment of about 0.8 kb or the addition of 
a DNA fragment with a size close to 1 kb. The isolates 
yielding these three AS fingerprints generated the 
same fingerprint when primer HLWL74 was used. 
Therefore, three strictly distinct fingerprints, I ,  I1 and 
111. were generated by primers HLWL74 and A5, and 
two wbtypes, 11’ and II”, by primer A5. The three 
epidemiologically unrelated A.  baumnrifrii isolates which 
had been included in the study as control strains each 
displayed a unique fingerprint. An identical fingerprint 
was observed for isolates from the same patient, but 
fingerprint identity was also observed among isolates 
belonging to different patieiitu. Thus, fingerprint I 
was generated by the isolates from four patients aiid 
fingerprint 11” by those of three patients, while finger- 
prints 11, 11’ and I11 were each displayed by the isolates 
of only one patient (Figure 1). 
Quantitative aritibiograni typing classified the 19 
A .  bacriiiuizrriisolates into five groups (Figure 1). Two of 
the three epideriiiologically unrelated isolates were 
classified into two further groups, while the third 
belonged to group 3 ,  which also included two isolates 
obtained from the same patient. As indicated in Figure 
1, isolates from three patients (HUT, SYL and MAS) 
formed two different antibiogram groups, whereas they 
had generated the same RAPD fingerprint. 111 these 
three cases, the antibiogram differences consisted of a 
ticarcillin or ticarcillin-clavulanate susceptibility differ- 
ence, suggesting the production of a plasrnid-mediated 
p-lactanlase in one of the isolates [ 1 11. However, the 
eventual presence of a plasmid in the ticarcillin-resistant 
strain did not result in a different fingerprint compared 
to that of the ticarcillin-susceptible strain. We and 
others have previously demonstrated that plasmids 
could not be used as DNA templates by arbitrary 
primers, so that plasiiiid-free and plasi~iid-coiitainirig 
isogenic strains displayed the same fingerprint 19.121. I t  
was also observed, as indicated in Figure 1 ,  that the 
same antibiogram group could be shared by isolates 
which displayed different RAPLI fingerprints (antibio- 
grain group 1, and fingerprints I ,  11’ and TI”; anti- 
biograni group 2, and fingerprinrs 11’ and  11”. This 
feature might be related to the hc t  that only a 
few antibiotic molecules, mostly comprising p-lactam 
compounds, could be used to calculate the euclidean 
distance, since A. hniiinnirtiii isolates are intri~irically 
resistant to 3 large number of antibiotic families. 
On the basis of both typing systems. it was coti- 
cluded that the outbreak involved a combirution 
of sporadic A. batrtnaitrlii infections (//=?I) concomitant 
with the spread of two different A .  b d l i f ~ i c ~ m i i  strains 
(fingerprint I, f1=4; and fingerprint 11”. i ! = 3 )  [4]. 
Although only a small number of strains of A.  
baunraiim’i were included in this study, the results of the 
two typing systems suggest that strain relatedness which 
is determined by the euclidean distance should not be 
interpreted, in the absence of another typing niethod, 
separately from the original aiitibiograni data (i.e. from 
the phenotypic analysis of the mechanisnis ofresistance), 
The genotypic KAPD technique was more reliable in 
interpreting the strain relatedness of the A .  hariiiimuzii 
iyolates involved in this outbreak, but the quantitative 
antibiogram technique was found to be a useful com- 
plementary method. 
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patients suspected of having a bloodstream infection. 
The well-established relationship between volume of 
blood per culture and microbiological yield has recently 
been confirmed for high-volume blood cultures [ 11. 
Anecdotal observations of inadequately filled bottles 
as well as the changes in the layout of the product 
label led us to monitor the blood volumes drawn in 
BACTECPLUS/F culture bottles to obtain a baseline for 
further quality improvement in O u r  hospital. 
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Blood volumes in conse,cutively submitted 
BACTECPLUS/F aerobic and anaerobic bottles were 
analyzed. For these bottles, the volumes of blood 
were identified as optimal (8-10 mL) and acceptable 
(3-10 d) according to the instructions printed on the 
bottle label. Blood for culture was sampled through a 
double-ended needle fixed in a needleiholder (direct- 
draw technique). 
In order to minimize any variation in weight 
between different bottles or different lots, each indi- 
vidual bottle was weighed before distribution and upon 
receipt in the laboratory. After correction for the 
removal of bottle caps and addition of specimen labels, 
the diflerence in weight was converted to blood volume 
by multiplication by 0.985 mL/g. The bottles were 
read by the BACTEC 9240 fluorescence analyzer over 
a 7-day incubation period. A reading was considered to 
be false positive when it was not confirmed by Gram 
stain and when subculture failed to grow. 
During the study period, 142 phlebotomists were 
randomly questioned about the actual blood culture 
collection technique, by use of a standardized question- 
naire. 
In most evaluation studies and 1.n many institutions, 
venipunctures are performed with ar syringe and needle, 
which allows the phlebotomist to control the volume 
of blood at the time of sampling and during the 
inoculation of the culture bottle:; [2]. Alternatively, 
blood for culture may be drawn through a transfer set, 
or through a double-ended needle into an evacuated 
blood collection tube or directly into the blood culture 
bottle. As the elongated neck of the BACTECPLUS/F 
bottles is designed to fit the Vacutaiiner needle-holders, 
we adapted this technique for the blood culture system, 
relying on the vacuum present in the headspace of the 
bottles. The latter procedure (referred to as the direct- 
draw technique) is widespread in The Netherlands and 
in parts of western Europe, and is -used in our hospital 
for all venipunctures because of safety reasons. 
The study included 3564 aerobic and 3643 anaer- 
Blood volume in BACTECPLUS/F culture bottles sampled 
using the direct-draw technique 
Clin Microbiol Infect 1998; 4: 471-472 
Blood culture 1s an important diaPostic Procedure in 
obic bottles obtained from 1092 patients, and blood 
volumes ranged from 0.1 to 26.8 mL (n=7207). A total 
of 3538 (49.1%) bottles received an acceptable volume, 
including 1028 (14.3%) that contained the optimal 
blood volume. A total of 776 (10.8%) bottles received 
